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CC BY-NC-ND license (http://creativSummary Background/introduction: The predominant cause of typical trigeminal neuralgia
(TN) is the compression of the trigeminal nerve by an artery at the root entry zone. Arachnoid
adhesion or venous contact with the trigeminal nerve has been infrequently identified during
microvascular decompression (MVD).
Purpose/aim: This study aimed to elucidate the role of different types of vascular compression
and arachnoid thickening in MVD for treating typical TN.
Methods: Patients with typical TN refractory to treatment with medications and scheduled for
MVD were enrolled. Arterial compression of the trigeminal nerve was relieved using Teflon,
whereas adhesiolysis was performed for arachnoid thickening. For a conflicting vein, a nearby
artery was searched instead of coagulation and division of the vein. The postoperative out-
comes were rated as excellent (complete resolution of pain), good (> 75% reduction in pain),
poor (25e75% reduction in pain), and failure (< 25% reduction in pain).
Results: Between June 2000 and April 2015, a total of 27 patients undergoing MVD were
enrolled in this study; one patient was lost to follow-up. The mean age of the remaining 26any form have been or will be received from a commercial party related directly or indirectly to the
Neurosurgery, Taipei Tzu Chi Hospital, 289, Jianguo Road, Sindian District, New Taipei City 231,
chi.com.tw (H.-H. Chen).
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MVD for treating typical trigeminal neuralgia 143patients was 57.4 11.4 years (38e79 years), whereas the average duration of postoperative
symptoms was 5.9 years (0.5e30 years). Significant differences in postoperative outcomes
were noted for the arachnoid and artery compared with those for the vein as the conflicting
structure, as evidenced by excellent and good outcomes (pZ 0.005). Two operative complica-
tions were observed: cerebrospinal fluid rhinorrhea and deep wound infection. No mortality or
cerebellar hemorrhage was observed during the follow-up period.
Conclusion: The tightness of the junction between the offending artery and the trigeminal
nerve may represent a major factor affecting different postoperative outcomes following
MVD. An offending artery may be attached to the arachnoid thickening, resulting in a neuro-
vascular compressive effect, whereas the role of venous contact as a cause of TN remains
debatable.
Copyright ª 2016, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Trigeminal neuralgia (TN) is categorized into typical and
atypical forms.1 The symptoms of typical TN are severe,
sporadic, and abrupt shock-like pain in facial areas where
the trigeminal nerve is distributed, with the pain attacks
occurring in swift succession and lasting a few seconds to
minutes. Established pain-inducing triggers include chew-
ing, talking, drinking cold fluids, touching on the face,
tooth brushing, and encountering cold air. The predominant
cause of typical TN is the compression of the trigeminal
nerve by an artery at the root entry zone, resulting in a
short circuit of neural impulse transmission.2,3
Microvascular decompression (MVD) is an effective
method for treating TN4 (success rate, 80e90%1,5) when
conservative treatment and less invasive therapies such
as antiepileptic medication and radiofrequency thermo-
coagulation fail to alleviate the neuralgia. Arachnoid ad-
hesions6,7 with the trigeminal nerve or venous contact8,9
with the trigeminal nerve has been occasionally observed
during MVD. Whether venous compression causes TN re-
mains debatable.10 Similarly, the mechanism underlying
the role of arachnoid thickening in causing TN remains
unclear.6 In addition, Peker et al11 reported frequent
vascular compression of the trigeminal nerve in asymp-
tomatic, and not necessarily pathological, people.
This retrospective study reviewed the intra- and post-
operative outcome records of 26 patients who underwent
MVD for treating typical TN, to elucidate the possible
involvement of vascular compression and arachnoid thick-
ening in differential postoperative outcomes.
2. Materials and methods
This study was approved by Taipei Tzu Chi Hospital, Tai-
pei, Taiwan and Buddhist Tzu Chi Medical Foundation
Institutional Review Boards, Taipei, Taiwan. Twenty-six
patients with typical TN refractory to medications and
scheduled for MVD surgery were enrolled. Exclusion
criteria included atypical TN (characterized by constant
aching, burning, and stabbing pain with intensity lower
than that normally encountered with typical TN), trigem-
inal neurilemmoma, herpes zoster neuralgia, multiple
sclerosis, and post-traumatic neuralgia.All surgical procedures were performed by a senior
physician (H.T.H.) at the Taipei Tzu Chi Neurosurgical
Training Center, Taipei, Taiwan. Patients were placed in
the lateral decubitus position, with the head held by a
MAYFIELD Modified Skull Clamp. Small retrosigmoid pos-
terior fossa craniectomy was performed. The superior
petrosal veins were routinely coagulated and cut for visu-
alizing the trigeminal nerves. Any arteries contacting
(Figure 1A) or distorting (Figure 2A) the trigeminal nerve at
or near the point of entry into the brain stem were repo-
sitioned using shredded Teflon (Figures 1B and 2B). When
arachnoid thickening (Figure 3A) surrounding the trigeminal
nerve was discerned, adhesiolysis (Figure 3B) was per-
formed. In cases where only veins were in contact with the
trigeminal nerve, the veins were not touched, whereas
arteries in proximity judged likely to potentially contact or
compress the TN (Figure 4A) were separated from the tri-
geminal nerve during cerebellar retraction and transposed
with a square Teflon with a cleft on one side (Figure 4B).
The degree of cross compression was classified into two
categories: (1) vascular contact, denoting the crossing of a
vessel into the nerve entry zone, and (2) nerve distortion,
denoting grooves, notches, or indentations in the trigemi-
nal nerve root. The brain stem-evoked potential was
routinely monitored intraoperatively during MVD.
All patients were required to rate the severity of their
residual pain compared with their preoperative symptoms.
If the symptoms were completely relieved, the outcome
was considered excellent. A good outcome was defined as
pain reduction of > 75%. If residual pain was reported to be
25e75% of preoperative levels, the outcome was catego-
rized as poor. Existence of > 75% of preoperative symptoms
was considered a failure.
Pain was classified as a major recurrence when a spe-
cific patient was admitted with typical TN that was not
relieved by medications, thus requiring an additional sur-
gical procedure. A classification of minor recurrence
indicated that the pain was mild, often transient or
intermittent, not requiring any specific treatment, or well
controlled with carbamazepine or other pharmaceutical
treatment procedures. TN was further classified into one-,
two-, or three-branch categories, depending on the pain
location.
Follow-up examinations were conducted at an outpa-
tient clinic preoperatively and 1 week postoperatively by
Figure 1 (A) Image of an AICA contacting the trigeminal nerve at the point of entry into the brain stem. (B) Shredded Teflon is
positioned between the AICA and the trigeminal nerve. The blue, yellow, and black straight arrows indicate the trigeminal nerve,
AICA, and seventh-to-eighth cranial nerve complex, respectively. The yellow and black asterisks denote the retraction plate and
Teflon, respectively. AICAZ anterior inferior cerebellar artery.
Figure 2 (A) Image depicting a condition under which the trigeminal nerve is distorted by the SCA and contacted by a vein near
the point of entry into the brain stem. (B) Shredded Teflon is positioned between the SCA and the trigeminal nerve, whereas the
vein is left untouched. The blue, yellow, and black straight arrows indicate the trigeminal nerve, SCA, and the seventh-to-eighth
cranial nerve complex, respectively. The curved yellow arrow indicates the vein; the yellow and black asterisks denote the
retraction plate and Teflon, respectively. SCAZ superior cerebellar artery.
Figure 3 (A) Image of a case where the trigeminal nerve was observed to be surrounded by multiple arachnoid adhesion bands. A
possible offending artery, indicated by the red arrow, is attached to the arachnoid bands. (B) Lysis of the arachnoid bands resulting
in the separation of the artery (red arrow) from the trigeminal nerve. The yellow and blue straight arrows indicate the arachnoid
membrane and the trigeminal nerve, respectively. The yellow asterisk denotes the retraction plate.
144 H.-T. Hsu et al.the neurosurgeon (H.T.H.) who performed the procedures.
A trained nurse conducted follow-up examinations of all
patients at 3 months, 6 months, and 1 year postoperatively
under the supervision of the same neurosurgeon.2.1. Statistical analysis
Fisher’s exact test was used to evaluate the statistical
differences in postoperative patient outcomes considering
Figure 4 (A) Image of a case where the trigeminal nerve is not contacted or distorted by any artery when the cerebellum is
retracted. An artery en route to the cerebellum is observed away from the trigeminal nerve. (B) A square Teflon with a cleft on one
side is placed between the artery and the cerebellum. The yellow and blue straight arrows indicate the artery and the trigeminal
nerve, respectively. The yellow and black asterisks denote the retraction plate and Teflon, respectively.
MVD for treating typical trigeminal neuralgia 145sex, age, pain location, type of conflicting structure, and
type of arterial compression. A statistically significant dif-
ference was determined by p< 0.05. All statistical analyses
were performed using MedCalc Software bvba, version
14.12.0.
3. Results
Between June 2000 and April 2015, 27 patients (17 females
and 10 males) with TN admitted for MVD were enrolled; one
patient was lost to follow-up. The mean age at operation of
the remaining 26 patients was 57.4 11.4 years (38e79
years), whereas the average duration of postoperative
symptoms was 5.9 years (0.5e30 years). TN was localized to
the right and left sides of the face in 18 and eight patients,
respectively. One patient experienced facial pain in the
ophthalmic branch (V1), 10 in the maxillary branch (V2),
five in the mandibular branch (V3), and 10 in both the V2
and the V3 branch (Table 1). All patients had been treated
with carbamazepine or other drugs that were discontinued
because of side effects or gradual recurrence of facial pain.
Three patients had undergone trigeminal ablative or
decompressive procedures that had failed to relieve TN
symptoms. One patient had undergone radiofrequency
thermal rhizotomy, but the facial pain persisted. Another
patient, treated through Gamma Knife surgery, reportedTable 1 Association between postoperative outcomes and
pain location.
Pain
location
No. (%) Excellent &
good
Poor Failure
V1 1 (3.85) 1 (100.00) 0 (0.00) 0 (0.00)
V2 10 (38.46) 10 (100.00) 0 (0.00) 0 (0.00)
V2þ V3 10 (38.46) 5 (50.00) 2 (20.00) 3 (30.00)
V3 5 (19.23) 5 (100.00) 0 (0.00) 0 (0.00)
Data are presented as n (%).
V1Z ophthalmic branch; V2Zmaxillary branch; V3Zman-
dibular branch.only 6 months of pain relief. A third patient who had un-
dergone MVD 10 years earlier was admitted because of
recurrent TN on the same side.
Arterial cross compression was detected in 22 patients
(85%), with the superior cerebellar artery (SCA) identified
as the predominantly involved blood vessel. Other struc-
tures potentially involved with nerve compression,
including the arachnoid and vein, were found in four pa-
tients (Table 2). Twelve cases of arterial contact with the
trigeminal nerve and 10 of trigeminal nerve distortions
(vascular cross compression) were observed. Venous con-
tact with the trigeminal nerve was observed in two pa-
tients, whereas arachnoid thickening was observed in two
patients (Table 3).
Complete immediate postoperative pain relief (excel-
lent outcome) was observed in 76.9% of the patients
(nZ 20) and partial resolution (good outcome) in 3.8%
(nZ 1). At 6 months postoperatively, 73.1% of the patients
(nZ 19) reported an excellent outcome, whereas 7.7%
(nZ 2) reported a good outcome. The proportion of
excellent and good outcomes was 73.1% in patients (nZ 19)
whose trigeminal nerves were compressed by, or in contact
with, an artery and 100% in patients (nZ 2) with arachnoid
thickening attached to the trigeminal nerve. When the
trigeminal nerve was compressed by, or in contact with, anTable 2 Association between postoperative outcomes and
the conflicting structure contacting or compressing the tri-
geminal nerve.
Conflicting
structure
No. (%) Excellent &
good
Poor Failure
SCA 11 (42.31) 8 (72.73) 2 (18.18) 1 (9.09)
AICA 10 (38.46) 10 (100.00) 0 (0.00) 0 (0.00)
VA 1 (3.85) 1 (100.00) 0 (0.00) 0 (0.00)
Arachnoid 2 (7.69) 2 (100.00) 0 (0.00) 0 (0.00)
Vein 2 (7.69) 0 (0.00) 1 (50.00) 1 (50.00)
Data are presented as n (%).
AICAZ anterior inferior cerebellar artery; SCAZ superior
cerebellar artery; VAZ vertebral artery.
Table 3 Association between postoperative outcomes and the type of contact or compression of the trigeminal nerve.
Type of contact/compression No. (%) Excellent & good Poor Failure
Arterial contact 12 (46.15) 9 (75.00) 1 (8.33) 2 (16.66)
Nerve distortion 10 (38.46) 10 (100.00) 0 (0.00) 0 (0.00)
Arachnoid thickening 2 (7.69) 2 (100.00) 0 (0.00) 0 (0.00)
Venous contact 2 (7.69) 0 (0.00) 1 (50.00) 1 (50.00)
Data are presented as n (%).
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subgroup reported excellent or good outcomes, whereas
the ratio of excellent and good outcomes was 100% in pa-
tients (nZ 10) belonging to the nerve distortion subgroup.
In the nonartery-conflicting group, one patient reporting an
excellent outcome and another reporting a good outcome
were associated with the arachnoid-thickening subgroup,
whereas one patient reporting a poor outcome and another
with a failed procedure were associated with the patient
group having venous contact with the trigeminal nerve.
In the two patients revealing venous contact of the
trigeminal nerve, the veins were left untouched during
MVD, and a search was initiated for a nearby artery
retracted from the trigeminal nerve. Such an artery was
identified in one of the two patients, and the artery was
subsequently relocated with a square Teflon with a cleft
on one side. This patient experienced immediate and
complete relief of facial pain; however, within 1 week
postoperatively, the patient reported recurrence of pain
that was 50% of the preoperative level. Another patient
who continued to complain of persistent symptoms was
found to have only venous contact (no arterial compres-
sion or contact) with the trigeminal nerve. Table 4 showsTable 4 Statistical differences in postoperative outcomes
considering sex, age, pain location, type of conflicting
structure contacting or compressing the trigeminal nerve,
and type of arterial compression.
Variable Excellent &
good
Poor &
failure
p
Gender
Male 9 (90.00) 1 (10.00)
Female 12 (75.00) 4 (25.00) 0.617
Age (y)
Under 60 14 (82.35) 3 (17.65)
Over 60 7 (77.78) 2 (22.22) >0.99
Pain location
One branch 16 (100.00) 0 (0.00)
Two branches 5 (50.00) 5 (50.00) 0.003*
Conflicting structure
Artery 19 (86.36) 3 (13.64)
Vein 0 (0.00) 2 (100.00)
Arachnoid 2 (100.00) 0 (0.00) 0.005*
Type of arterial compression
Arterial contact 9 (75.00) 3 (25.00)
Nerve distortion 10 (100.00) 0 (0.00) 0.221
Data are presented as n (%).
* A statistically significant difference.the statistical differences in postoperative outcomes
considering sex, age, pain location, type of structure
contacting or compressing the trigeminal nerve, and type
of arterial compression.
One patient who reported complete cessation of painful
symptoms following MVD suffered a minor recurrence of the
facial pain at 1 year postoperatively. The compressing ar-
tery in this case was observed to be the SCA contacting the
trigeminal nerve. However, the patient’s symptoms were
relieved using a carbamazepine dose lower than that pre-
operatively prescribed. Two operative complications were
noted: (1) cerebrospinal fluid rhinorrhea and (2) deep
wound infection. The patient who suffered from cerebro-
spinal fluid rhinorrhea was initially advised bed rest that
proved unsuccessful and was subsequently treated suc-
cessfully with a surgical repair of the dural defect using the
tensor fasciae latae from the right thigh. Furthermore, the
patient with deep wound infection was successfully treated
through debridement and repair of the dural defect using
the tensor fasciae latae from the right thigh. No mortality,
hemorrhagic cerebellar infarction, or hearing loss was
observed in any patient during the follow-up period.4. Discussion
The present findings reveal immediate excellent or good
postoperative outcomes for 80.8% of patients with TN. We
observed that arteries (predominantly the SCA) constituted
84.6% of the structures contacting or compressing the tri-
geminal nerve. No statistically significant differences exis-
ted between arterial contact or the extent of nerve
distortion and postoperative outcomes, although patients
whose trigeminal nerve was in arterial contact tended to
report poor outcomes or a complete lack of pain allevia-
tion. Considering postoperative outcomes, significant dif-
ferences were observed between patients with arachnoid
thickening and arterial contact or compression of the tri-
geminal nerve and those with venous contact. Concerning
pain localization, patients with one-branch TN reported
significantly excellent or good outcomes compared with
those with two-branch TN. The postoperative outcome was
unrelated to sex and age. Monitoring of brain stem-evoked
potential revealed a minimized risk of postoperative hear-
ing impairment. We observed no mortality or cerebellar
hemorrhage that is occasionally associated with the
rupturing of the superior petrosal vein, causing acute and
massive bleeding during cerebellar retraction.
The tightness of the junction between the offending
artery and the trigeminal nerve may be the main factor
underlying the differences in the postoperative outcomes.
MVD for treating typical trigeminal neuralgia 147When the trigeminal nerve becomes distorted, the junction
becomes tighter so that the interspersed Teflon can grip
firmly. Theoretically, a stronger Teflon division between the
artery and the nerve can serve as an excellent insulator and
result in a more desirable outcome. Conversely, a less tight
junction between the artery and the contacted nerve may
facilitate the dispersion of the Teflon away from its inten-
ded location, thus yielding poor outcomes or TN
recurrence.
The clinical application of therapy remains debated for
patients in whom pure veins are in contact with the tri-
geminal nerve entry zone. Jannetta12 conducted a review
of 1204 consecutive cases and reported that a vein was the
sole vessel compressing the trigeminal nerve in 13% of the
cases. Lee et al13 reported the development and regrowth
of new veins in patients with recurrent TN in whom venous
contact or compression had been observed during the
original MVD procedure. Piatt and Wilkins14 addressed this
concern by using coagulation and division of the veins in the
first part of their study. Owing to poor outcomes, they
discontinued this technique and subsequently subjected
patients to percutaneous partial sensory rhizotomy (PSR) in
the second part of the study. Sindou et al10 indicated the
importance of carefully searching for a hidden additional
offending artery when encountering an apparent conflicting
vein to avoid possible surgical failure.
One of our patients achieved an excellent outcome after
the SCA distorting the trigeminal nerve was separated from
the nerve without coagulation or division of the conflicting
vein (Figure 2). Another patient having multiple small
conflicting veins near the root entry zone (Figure 4) re-
ported an immediate excellent outcome after an artery,
away from the trigeminal nerve during cerebellar retrac-
tion, was bound with Teflon; moreover, those conflicting
veins were not coagulated or divided. However, within a
week, the patient reported recurrence of pain that was 50%
of the preoperative level. One possible reason for this
recurrence is the loosening of the Teflon surrounding the
artery. These observations indicate that veins contacting
the trigeminal nerve, in some cases, play a less crucial role
in typical TN.
The efficacy of intracranial PSR was reported to be equal
to that of MVD in cases with conflicting vessels.15 None-
theless, the recurrence rate was significantly higher after
PSR than after MVD (49% vs. 6%).16 In addition, sensory loss
after PSR was unavoidable and troublesome to the pa-
tient.17 The topographic divisions of the intracranial tri-
geminal nerve at the root entry zone are typically V1 at the
caudal portion, V2 at the lateral or medial portion, and V3
at the cephalic portion.18e20 Implementation of selective
PSR with limited coagulation ablation or resection of
different portions of the trigeminal nerve according to the
preoperative neuralgia distribution might be an option for
treating TN with only a conflicting vein.
Arachnoid thickening as a possible factor for typical TN
has seldom been reported. We observed two cases (7.7%) of
arachnoid thickening that appeared to be associated with
neuralgia development. After adhesiolysis, the immediate
postoperative outcome was excellent and good in the two
cases. Ishikawa et al6 suggested that arachnoid thickening
between the nerve roots and surrounding structures could
cause a tethering effect, resulting in a pulsatile movementof the trigeminal nerve root. On the basis of the present
findings, we postulate that an artery attached to the
arachnoid thickening results in the compression of the tri-
geminal nerve. After lysis of the arachnoid bands, the ar-
tery may be therapeutically detached from the trigeminal
nerve, resulting in the decompression of the trigeminal
nerve. However, the study findings are limited by the small
sample size. Additional cases of MVD concerning venous
contact and arachnoid thickening are required to validate
the observations.Acknowledgments
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